N ew-onset atrial fibrillation is estimated to affect several hundred thousand American adults annually, with %7 million prevalent cases in the United States. 1 Atrial fibrillation is a leading cause of morbidity and mortality worldwide 2 and is a major risk factor for ischemic stroke. 3 For many years, warfarin was the only oral agent available for long-term anticoagulation for patients with various prothrombotic conditions, including atrial fibrillation. The management of many patients with atrial fibrillation has been changing in recent years, however, because of the approval of direct-acting oral anticoagulants (DOACs) for stroke prevention in patients with non-valvular atrial fibrillation (NVAF). 4 DOACs do not require the frequent laboratory testing or dose titrations that are needed to effectively manage patients with NVAF who are treated with warfarin, a therapy that is associated with considerable patient burden. The proportion of patients with NVAF who are prescribed DOACs has increased dramatically in the United States, Canada, and Europe since their introduction almost a decade ago. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Based on data from US registries, only half of eligible patients with NVAF receive anticoagulation for stroke prevention, 14 despite the fact that the benefits of anticoagulation frequently outweigh the risks of treatment. 15, 16 DOACs could increase the number of patients willing to receive oral anticoagulation for stroke prevention since many patients with NVAF decline warfarin-therapy owing to the frequency of laboratory monitoring, the possibility of drug-drug interactions, and dietary restrictions. 17 Few studies to date, however, have examined how the introduction of DOACs may have changed the overall rate of anticoagulation for patients with AF. The few studies that have been completed, however, suggest modest changes or no change, perhaps as a result of the high out-of-pocket costs associated with DOAC therapy. 5 The influence of DOACs on the rate of anticoagulation for patients with AF, and the question of which medications are used for which patients, may be different in a system that sharply limits out of pocket costs for expensive medications, such as the Veterans Health Affairs (VA) system. 18 The primary objective of this large observational study was to describe recent decade long trends (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) in the prescribing of DOACs and warfarin among patients with NVAF treated in a system that limits out-of-pocket medication costs to no more than $9/month. Our secondary study objective was to describe the characteristics of patients with NVAF likely to be treated with specific anticoagulant regimens during the years under study.
Methods

Data Set
We used data from the VA Corporate Data Warehouse, a source that includes patient demographics, diagnosis codes, dates of service, laboratory test results, and medications dispensed. Using diagnosis codes, we identified all patients treated in the VA system with a diagnosis of NVAF between January 1, 2007, and December 30, 2016 . Patients were considered to have NVAF if they had International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 427.31 or ICD-10-CM codes I48.xx, and did not have one of the ICD codes listed for valvular heart disease in Table 1 . We also varied the definition of what constituted valvular heart disease, ranging from not excluding any patients for this reason to a much broader definition of valvular heart disease encompassing any sort of regurgitation, stenosis, repair, or replacement of any valve, for any reason.
The sample size changed somewhat because of these choices (on the order of 10%), but the results of all analyses otherwise remained virtually identical.
The study was approved by the Institutional Review Boards of the Bedford VA Medical Center, RAND Corporation, and the University of Massachusetts Medical School, with a waiver of informed consent. Because of the sensitive nature of VA data, they are only available for research by application, and in cooperation with a VA-based researcher. Inquires may be sent to virec@va.gov. Analytic code is available from the authors upon request.
Dependent Variable-Receipt of Anticoagulant Therapy
We characterized which patients with NVAF received anticoagulation within the VA system, based on having received at least 30 total days' supply of warfarin or a DOAC from a VA pharmacy. Of those who were prescribed anticoagulant therapy, we characterized which patients received a DOAC as opposed to warfarin, and among those who received a DOAC, which DOAC. Patients who received both warfarin and a DOAC were considered to have received the one they received for more days; in the event of similar usage rates, they were considered to have received the most recently dispensed drug. The DOACs were first included in the VA formulary in Fiscal Year 2011. During the years under investigation, there were 3 DOACs available from VA pharmacies, namely apixaban, dabigatran, and rivaroxaban.
Independent Variables-Patient-Level Characteristics
We characterized patients based on their age, sex, body mass index, and region of the United States (Northeast, Southeast, West, and Midwest). We characterized whether patients had a history of certain comorbid conditions (heart failure, hypertension, vascular disease, diabetes mellitus, prior bleeding, and prior stroke) using a 1-year look-back period 19 and based on the ICD codes in Table 1 . For each patient, we computed a CHADS-VASc stroke risk score, 20,21 based on the demographics and comorbid conditions mentioned above. We calculated patient's estimated glomerular filtration rate from laboratory creatinine findings and other parameters using the Modification of Diet in Renal Disease formula. 22 This formula was selected because of its compatibility with the creatinine assays used in the VA system throughout the study period, and with the data elements available in the VA data set. For patients with multiple creatinine values during the study period, we used the most recent value. We also calculated a count of Elixhauser Comorbidities for each patient, using diagnostic codes reported as part of hospital and ambulatory encounters. 23 
Clinical Perspective
What Is New?
• In the Veterans Health Administration, in 2016, patient-level predictors of receiving a direct-acting anticoagulant for nonvalvular atrial fibrillation, as opposed to warfarin, included intact renal function, lack of prior stroke, fewer comorbid conditions, and living in the Northeast region.
What Are the Clinical Implications?
• The availability of direct-acting anticoagulants has not led to an increased proportion of patients with non-valvular atrial fibrillation receiving anticoagulation, even in the context of a healthcare system that sharply limits patients' exposure to out-of-pocket copayments. • Clinicians should choose the optimal medication for each patient based on clinical considerations, and consistent with clinical guidelines.
Data Analyses
We compared the characteristics of patients who received oral anticoagulation from the VA with those who did not receive anticoagulation, using multivariable adjusted logistic regression analyses. Among Veterans with NVAF with documentation that they received anticoagulation within the VA, we compared the characteristics of those who received a DOAC with those who received warfarin with similar analytic approaches. We also calculated temporal trends with regard to the receipt of new (incident) anticoagulants in patients with newly diagnosed NVAF and prevalent use (across the entire population of patients with prevalent NVAF). All analyses were conducted using SAS, version 9.4 (SAS Corporation, Cary, NC).
Results
Study Population Characteristics
During the decade-long period under study (2007-2016), there were a total of 987 373 VA patients with a diagnosis of NVAF ( Table 2 ). The mean age of these patients was 76 years, 98% were men, and 86% were white. The majority of patients (88%) had a CHADS-VASc score of ≥2, corresponding to an appreciable risk of stroke.
Trends in Anticoagulation Use
Overall, during the 10-year period under study, 47% of patients with NVAF received some form of anticoagulation therapy from the VA (Figure 1 ). The proportion who were treated with anticoagulation was 56% in our initial study year of 2007, declined during the middle of the study period (2012: 44%), and by 2016 the proportion who were treated with anticoagulation had increased to 51%. 
Patient Characteristics Associated With the Receipt of Anticoagulation
Several patient-level characteristics were associated with the receipt of anticoagulation ( Table 2 ). In the multivariable adjusted model, patients with heart failure or prior stroke were more likely to receive anticoagulation than those without these conditions, whereas patients with diabetes mellitus or prior bleeding were less likely to receive anticoagulation than respective comparison groups. Patients with a CHADS-VASc score of 0 to 1, for whom anticoagulation is generally not recommended, were less likely to receive anticoagulation (adjusted odds ratio [AOR], 0.79). Patients with impaired renal function, as compared with those with normal renal function, were slightly more likely to receive anticoagulation.
Trends in the Use of Direct Acting Oral Anticoagulants Versus Warfarin
All analyses from this point on will focus on the subset of patients with NVAF who received a first prescription for an oral anticoagulant from the VA between 2011 and 2016, which is the period when DOACs were in use-a total of 45 753 unique patients (Table 3) . During this period, 81% of patients who received anticoagulation from the VA were treated with warfarin, while the remainder received a DOAC (Figure 1 ). The proportion of anticoagulation recipients who received a DOAC was only 2% in 2011; by 2016, it had increased to 45%. For new prescriptions, the trend was even more pronounced. In 2011, only 4% of new prescriptions for anticoagulants in the VA were for a DOAC; this proportion increased to 67% in 2016.
Patient Characteristics Associated With the Receipt of Direct Acting Oral Anticoagulants Versus Warfarin
We examined the patient sociodemographic and clinical characteristics associated with the receipt of a DOAC versus warfarin, among all patients who received oral anticoagulation from the VA for NVAF. This analysis was limited to the 45 753 patients who received a first prescription for an oral anticoagulant from the VA during 2016, the final year of our study ( Table 3 ). Age and sex were not important determinants of receiving a DOAC as opposed to warfarin. DOAC use varied by region, with the highest rate of use in the Northeast and the lowest in the Midwest (adjusted odds ratio, or AOR, 0.80 compared with the Northeast). Patients of black race were less likely to receive a DOAC than those of white race (AOR=0.86). Patients with heart failure, prior bleeding, and prior stroke were less likely to receive a DOAC than those without these conditions (AOR=0.82, 0.77, and 0.74, respectively). Patients with >2 Elixhauser comorbid conditions were less likely to receive a DOAC; for example, those with ≥5 conditions had an AOR of 0.68 compared with those with ≤2 conditions. Finally, impaired kidney function was associated with a lower likelihood of DOAC use, a with larger effect sizes as the degree of kidney function became more severe (AOR for estimated glomerular filtration rate <30=0.20, compared with estimated glomerular filtration rate ≥60).
Trends in DOAC Use
We examined trends in DOAC use across the VA system between 2011 and 2016 ( Figure 2 ). Dabigatran accounted for all of the DOAC prescriptions in 2010 and 2011, as it was the only DOAC available. Beginning in 2012, about the time of their release to market, apixaban and rivaroxaban began to be prescribed and the proportion of dabigatran-treated patients declined. By 2016, 53% of new DOAC prescriptions were for apixaban, 28% were for rivaroxaban, and only 20% were for dabigatran.
Discussion
The results of this large observational study suggest changing practice patterns in the types of anticoagulant therapies used for stroke prevention in patients with new onset or long standing NVAF during the years under study. Although warfarin therapy remained the most commonly used oral anticoagulant for patients with NVAF throughout the study period, there was a progressive increase in the use of DOACs over time. By 2016, although the prevalent rate of warfarin use remained higher than for all DOACs combined, the proportion of new anticoagulation prescriptions for a DOAC was 67%. These findings are consistent with recent US registry data showing that more than half of patients with NVAF receiving anticoagulation are treated with warfarin, but that the majority of new prescriptions are for a DOAC. 5 One of the promises of DOACs has been to expand the number of patients with NVAF who are willing and able to receive anticoagulation therapy for stroke prevention. Similar to the results of previous studies, 5 we did not detect a meaningful change in the percentage of patients with NVAF who received anticoagulation after the introduction of DOACs. This percentage was 56% in 2007, our first year of data, and 51% in 2016, 5 years after DOACs first became available in the VA. These data suggest that DOACs have not increased the overall proportion of anticoagulation-eligible patients who actually received therapy for stroke prevention in AF, even in a system that provides equal access to care and limits copayments to no more than $9 per medication per month-features that would tend to encourage greater use of these agents, because patients are largely shielded from out-of-pocket costs. This finding suggests that factors other than out-of-pocket drug costs may more strongly influence anticoagulation decisionmaking than has previously been appreciated.
In fact, there is a rich literature about the reasons why approximately half of patients with NVAF do not receive anticoagulation therapy. One particularly illustrative chartreview study from the pre-DOAC era 24 found that 55% of patients with NVAF were receiving anticoagulation, a proportion consistent with the published literature. 14 Of the remainder, most had documented reasons for not receiving anticoagulation: most commonly, gastrointestinal bleed, an expectation that atrial fibrillation would be transient, and increased risk of falls. Only 7.1% of the patients lacked a documented reason for omitting anticoagulation. It is worth noting that patient refusal to take warfarin because of inconvenience was not a prominent reason for its omission in this study. Therefore, it may not be terribly surprising that the advent of a medication that markedly decreases inconvenience may not have increased the proportion of patients with NVAF who receive anticoagulation.
Our study also examined some of the patient-level variables that may influence who receives a DOAC versus warfarin. Some of the predictors of receiving a DOAC in our analyses seem evidence based. For example, we found markedly lower rates of use of DOACs among NVAF patients with increasing levels of renal impairment. DOACs are relatively or absolutely contraindicated in the presence of significant chronic renal insufficiency or end-stage renal disease. [25] [26] [27] Other findings, such as a lower likelihood of receiving DOAC therapy among those with prior stroke or prior bleeding, and especially among patients with a greater number of comorbid conditions, are less evidence-based, although they are in agreement with the findings of previous observational studies. [4] [5] [6] [7] [28] [29] [30] Finally, while the effect size is rather small, it is noteworthy that black patients were less likely than whites to receive DOACs, even after controlling for covariates such as kidney function, and even in the context of a system that provides equal access to care, central guidance on how to use medications, and low copayments. Several previous studies in non-VA settings have also shown that white patients are more likely to receive a DOAC. [28] [29] [30] [31] Finding this disparity in the VA system, where access and cost issues are largely eliminated, suggests some other provider or patient predisposition against the use of DOACs.
This study has several important strengths, including the size and detail of the database, and the availability of a decade of longitudinal data in which we were able to examine trends in the receipt of different anticoagulant therapies used for the prevention of stroke in patients with AF. However, this study also has several limitations that need be kept in mind in the interpretation of the present results. Based on our prior work, 32 we expect that we might have misspecified the anticoagulation status of 10% of patients who received warfarin outside of the VA system. In contrast, for patients eligible for VA benefits, receiving a DOAC outside the VA would be unusual, since VA copayments for medications are limited to no more than $9/ month, 18 whereas out-of-pocket payments for VA patients receiving DOACs outside the VA system are often ≥$100/ month. 6 Another potential limitation is that our study does not contain a counterfactual. While we did not find that the proportion of patients receiving anticoagulation increased in the VA after the introduction of DOACs, we cannot know for sure if that proportion would have been still lower had the DOACs not become available during this period.
Another limitation is that VA patients are mostly men and have a high burden of comorbid illness and social need. However, our study used data from the nation's largest integrated healthcare system to examine trends in DOAC use and uptake in a system that sharply limits the size of copayments. Thus, our results may be applicable in similar situations, such as nations that provide a high level of medical benefits.
Finally, our estimates for patient-level predictors of receiving a DOAC, as opposed to warfarin, used all new anticoagulant prescriptions from 2016. We used this year as it was the latest year of data available to us, and because the trend line of DOAC prescriptions (Figure 1 ) was beginning to level off by this time. However, we acknowledge that patterns of anticoagulant prescribing had not completely stabilized by 2016, and indeed may not have stabilized to date. Therefore, it is unavoidable that the estimates in Table 3 reflect 2016 patterns of practice, and may not precisely reflect what would have been found in earlier or later years. In addition, estimates based on only 1 year of data may be less robust, although the sample size of >45 000 for this analysis is likely sufficient to ensure stable estimates.
Conclusion
Our study does not suggest that the introduction of DOACs led to an increase in the proportion of patients with NVAF receiving anticoagulation in the VA setting. In the VA, DOACs appear to be given preferentially to patients who have fewer comorbid conditions, who do not have a history of prior bleeding or stroke, and who are white. These findings run counter to what best practices might suggest as ideal, including recently released management guidelines for atrial fibrillation. 21 Almost a decade after the introduction of DOACs, we continue to use them rather haphazardly, even in a setting where their direct cost to patients is sharply curtailed. Our results suggest a need to rationalize our use of DOACs to maximize their benefit.
